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Experimental conditions for secondary ion mass spectrometry (SIMS)
The Hokudai isotope microscope system (Cameca ims 1270 SIMS instrument and SCAPS ion imager at Hokkaido University) (15) was applied to determine oxygen isotopic composition of Hayabusa return samples.
A Cs
+ primary beam of 20 keV was focused to an oval spot of 8 x 10 µm on the surface of the sample with a beam current of ~1 nA ( Fig. 2 in the text). A normal incident electron gun was used to compensate for positive charging of the sputtered region due to the primary beam. A liquid nitrogen cold trap placed around a sample was used to reduce generation of OH -secondary ions by maintaining pressure less than 0.6 µPa in sample chamber.
Samples were embedded in epoxy disk of 6 mm in diameter (Fig. S1 ). The disk surface was polished as mirror finished surface and gold-coated of 60 nm in thickness in order to support the charge compensation by the electron gun.
Negative secondary ions of 16 O -, 17 O -, and 18 O -were collected simultaneously in a Faraday cup on the lower mass side of the optical axis, in an electron multiplier on the optical axis, and in a Faraday cup on the higher mass side of the optical axis, respectively, using a multiple collection system. 
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Analytical precision
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Configuration effect
Position configuration in sample holder may introduce an additional error for isotope analysis because electric field between sample-holder surface and front face of immersion lens would not be the same at every sample position due to the edge effects of sample holder. The sample holder used in this study is shown in Fig. S1 . A grain of San Carlos olivine was installed in every hole (Fig. S1 ). Each grain is a fragment of a large single crystal. For the normalization of isotope ratios, the grain placed in the center hole (#4 or #4') played a role of standard (Table S1) (Table S1 ). These results indicate that sample position in the sample holder is an important factor to reduce experimental errors.
We found that a sample arrangement shown in 
Reproducibility of standard measurement
Results of repetitive measurements for San Carlos olivine and Miyake-jima anorthite standard are shown in Miyake-jima anorthite would be due to the small sampling numbers.
Reproducibility of chondrite measurement
In order to estimate measurement reproducibility of Hayabusa return samples, Values shown in Table S3 are not equivalent to the calculated isotopic compositions for minerals described above because the values in Table S3 were not corrected instrumental mass fractionation caused by matrix effect between sample and standard used for normalization. The matrix effect occurs from difference of chemical compositions between them.
The matrix effect for olivine was within the measurement uncertainty, but matrix effects for other minerals were comparable to the uncertainty limits. Instrumental mass fractionation due to the matrix effect in this study was calculated to be (δ 17 O, Hayabusa return sample because no significant compositional differences were observed. We applied these matrix effect corrections to calculate O isotopic compositions of corresponding minerals of Hayabusa return samples.
Fig. S1.
Configuration of sample position in sample holder.
Fig. S2
Variations of measurement values of San Carlos olivine depending on sample positions.
Numbers of legend correspond to hole numbers in Fig. S1 . MFL: mass fractionation line.
Fig. S3
Repetitive measurements of San Carlos olivine (Ol) and Miyake-jima anorthite (An).
MFL: mass fractionation line. Error ellipses correspond to 95% confidence. Table S1 .
Variations of measurement values (‰) of San Carlos olivine depending on sample positions. Table S2 .
Repetitive measurements (‰) of San Carlos olivine and Miyake-jima anorthite. Repetitive measurements (‰) of Ensisheim chondrite. Table S4 .
Oxygen isotopic compositions (‰) of Hayabusa return samples.
